ABSTRACT. Many activities including industrial, agricultural, fishing, petroleum and dwelling line the coastal border of Abu Quir Bay. One of them dumps its wastes directly into the foreshore zone of the coast. The determination of suspended materials brought by the dumping outlet and its contents of Na, K, Ca, Mg, Fe, Mn, Cu, Pb and Zn was carried out. Both the nature of the bottom sediments and the prevailing physical conditions of the marine environment were analyzed. It is concluded from an environmental impact view that the effluent discharged onto the sea does not have hazardous effect on the environment.
Introduction
Abu Quir Bay is a small body of water lies to the east of Alexandria. This Bay has a volume of 3.32 km 3 while its surface area is 360 km 2 . The Bay has a coastline of about 50 km. Generally, the Bay has a shallow bottom (max. depth is 16 m) which consists of sand in the western sector, sandy-mud in the middle and completely mud in the eastern sector. Three main sources dispose their effluents in the Bay are: lake Edku outlet at El-Maadia region (about 3.5 × 10 6 m 3 of brackish water/day), Tabia (barrage) pumping station (≈ 1,850,000 m 3 /day; Tayel and Shriadah, 1992) which collects mixed industrial and agricultural drain waters and re-pump it to the Bay, and Rosetta promontory at the extreme eastern edge (Fig. 1) where an amount of about 3.76 × 109 m 3 of fresh water goes to the sea annually. In addition to these, there are some scattered industrial activities (electric power station, food canning, paper, fertilizers, petroleum and FIG. 1. Area of study and sampling stations. gas services, local shipyards and fishing) discharge their waste waters directly to the Bay.
Previous studies reported that, the hydrographic system and the circulation pattern of the Bay are mainly affected by the wind regime over the area (ElSharkawy and Sharaf El-Din, 1974) . Consequently, the natural processes as sediment transport, erosion and accumulation are a reflection of the prevailing hydrographic regime. Frihy et al. (1994) concluded that out of the whole Abu Quir Bay, there are some regions including the area of study that lie under the effect of depositional conditions. Many hydrographic studies related to physical, chemical, geological and biological aspects of marine pollution in Abu Quir Bay had been carried out by Abbas (1969) , El-Samra (1973) , Moussa (1973) , El-Deeb (1977) , Metwally (1977) , Said (1979 Said ( , 1989& 1991 , Emara (1982) , Abdel Moati (1990) and ElTabakh (1992) . Also the effect of oceanographical and meteorological factors on the transport of pollutants in Abu Quir Bay was discussed in details by Said (1979) and Sharaf El-Din et al. (1980) . In addition, the coastal transport of pollutants in Abu Quir Bay was studied in details by Said (1991) .
Scope of Work
In order to clarify and evaluate the environmental impact of aqueous waste discharge, one of the aforementioned outfalls that dumps its load directly into the shoreline of the Bay was selected and its neighborhood area was investigated. The outfall is from one industrial plant that manufactures fertilizers (urea and ammonium nitrate).
Materials and Method
Thirty-five stations were sampled along five sectors during August 1998. All these sectors start from the dumping point along the shoreline and form a radial pattern (Fig. 1) .
At each station, one liter of seawater was sampled in order to obtain the total suspended matter contents. In addition, a bottom sediment sample was collected to determine organic carbon and carbonate contents. The in situ measurements included water depth, salinity, temperature, transparency and currents (using AANDERAA device).
The collected suspended materials were digested using concentrated nitric acid and their contents of Na, K, Ca, Mg, Fe, Mn, Cu, Zn and Pb were measured using AAS (Varian 10 + ).
Physical Proprieties of Water

Temperature, Salinity and Current
The surface temperature of the Bay water varies from 27.45 to 30.00ºC during the period of observation (August 1998). The western region of the area under study has the highest temperature. Temperature at one-meter depth in front of Abu Quir Fertilizer Company is slightly lower than that of the nearby surrounding waters.
The salinity of the seawater at the same depth ranges between 37.72 and 38.63‰. The current pattern in the area of study indicates the existence of an anticyclonic gyre and the current regime was mainly in the NE and SE directions during the period of investigation. Generally, the pattern proves that the water circulation is affected by the coastline configuration. The currentmeter measurements and the statistical analysis of the data (Table 1) show that the eastern current is the more dominant component (52.6%) while the northern one is the less (0.17%). The average speed for all measured currents in all directions, except north, ranges between 10.08 to 12.3 cm/sec. The northern component has the highest speed of 14.17 cm/sec although with the lowest periods of duration.
Transparency
All types of drainage waters discharged from different sources to the Bay contain several varieties of suspended materials, which subsequently increase the turbidity. However, transparency increases in the seaward direction (Table 2) . 
Suspended Matter
The suspended materials under investigation are introduced as a fluvial or aeolian or both into the surface water. The analyzed samples showed that the surface water of the study area has suspended particles with an average of 13.11 mg/l within a range between 7.30 and 35.80 mg/l ( Table 2 ). The highest value was encountered in the western side (station 5C) of the area under investigation where a huge amounts of effluents drain in while the lowest value (station 2F) was traced in the northeastern direction where dilution with clearer sea water takes place offshore direction. However, moving out of the sampled area northward or northeastward directions one attains the usual level of suspended particles. As the study area was sampled along five sections, all these sections have nearly the same density of suspended matter (_11 mg/l except the western section, which has 21.58 mg/l. The relatively wide difference between the two values is clear and observable in the field. This refers to the presence of several outlets lie directly on the shore and belong to some industrial plants in addition to that western sector is the shallower (Fig. 3A) .
The microscopic examination of the suspended materials collected on the membrane filter paper after drying showed that salty crystals are the main component. Some of these crystals are holding other objects composed of very fine particles of brown color. The brown color is observed in most of the examined filter papers. The intensity of brownish color becomes lighter as the samples are located farther offshore (Filter papers of samples A & B are darker than filter papers of samples E & F). It was also observed under the microscope that some patches, which consist of coagulated particles, are solidified together. Figure 3B represents the density and distribution of suspended matter in the area under investigation, showing that near-shore water in the western part of the area has the highest contents of suspended matter and the surrounding water has more normal contents. The XRD examination of the suspended material collected on the membrane filter paper revealed two modifications of Ca-carbonate minerals, calcite and vaterite (Fig. 4) , the former is a stable mineral while the latter is a metastable one crystallized under specialized conditions. In the present case, vaterite formed just as a result of the dryness of the wet filter paper.
FIG. 4. Diffractogram of the suspended matter (C = calcite & V = vaterite).
Bottom Sediments
The bottom sediments of this region of the Bay vary between medium sands and mud (Table 3 ). The bottom sediments containing fine-grained material (silts and mud) are observed in higher frequency nearby the shoreline particularly to the southwestern direction. The sand fractions of the bottom sediments follow a counterpart distribution where they attain maxima toward open sea. The dominant hydraulic factors affecting the area under study leads to coagulation of fine particles and consequently to poor sorting of the sediments under study, therefore, the distribution of sorting values appears random.
Elemental Analysis
The concentrations of the alkali elements Na, K, Ca & Mg in addition to the heavy metals Fe, Mn, Cu, Pb & Zn were determined in the suspended matter (Table 2) . Sodium concentration ranges from 3.55 to 16.11% with an average of 8.22% in the suspended matter. The very near-shore zone of the sampled area has the lowest Na concentrations (5.51%) while the highest ones are encountered at the northwestern and northeastern sections (Fig. 3C) . Moving away from the discharge point, the sodium concentration gets relatively high values, indicating that the discharge pipe is not the source. The same result can be concluded, in regard to the western area where a huge amount of industrial effluents are introduced to the se, i.e., Na is not an industrial pollutant.
The correlation matrix (Table 4) indicates that sodium concentrations increase with increasing bottom depth below sea level, and its high concentration does not affect transparency, on the other hand, sodium concentrations increase with decreasing suspended materials. It is evident that sodium contents neither belong to the suspended matter nor to the bottom sediments.
Potassium concentration among the suspended material of the area under study varies from 0.75 to 2.1% and averages 1.02%. The spatial distribution of K concentrations is irregular but indicates that the discharge pipe is not the source as well. Statistical treatment of the obtained data points to that potassium behaves the same way as sodium (Fig. 3D) , it has direct proportion against depth and transparency in addition to Na (Table 4) .
Magnesium content of the suspended particles ranges between 0.02 and 0.74% with an average of 0.43%. However the eastern half of the investigated region is richer in Mg than the western one (Fig. 3E ).
Magnesium has a direct proportion against Cu, but it has reverse ones against suspended matter concentration and organic carbon contents of the bottom sediments. This supports the possibility of an anthropogenic point as a source Calcium concentration varies from 0.23 to 2.67% and averages 1.27%. The highest Ca concentration is located to the extreme west of the study area as a result of the many industrial activities there (Fig. 3F) . In contrast the lowest Ca values are traced to the east direction.
Calcium has only one negative correlation against the bottom mud indicating absence of any effect evolved by the bottom sediments on Ca concentration in the suspended matter. On the other hand Ca has direct proportion against Mg and Cu. This means that Ca partially flows from the same source (pipe) as Mg and Cu, and in the same time the pipe is not the sole source of calcium among the limited area of study.
Generally, the metals (Fe, Mn, Cu, Pb & Zn) of the suspended matter investigated have similar behaviors excepting some minorities.
The spatial distribution of the concentrations of the heavy metals denotes to a decreasing trend from the discharge pipe to the offshore directions concerning sectors 1, 2 & 3. In contrast, the western sectors have the highest Fe concentration in an opposite trend, i.e., from offshore direction especially from the western side where a relatively higher concentration of metals flows from some industrial plants (Fig. 3G ). This situation includes Cu and Zn as well. It is clear that Fe higher concentrations are not coming from the discharged pipe.
The first station of each of the study sectors has the highest Mn content indicating the main influence of the discharge pipe, but Fig. 3H illustrates the effect of the remote industrial activities on the western half of the study area as mentioned above.
The Pb concentrations have irregular trends, therefore the high and low values occupy up and down streams and near and apart sites relative to the discharge pipe.
Factor Analysis
All the obtained parameters (geological and geochemical) were subjected to statistical analysis, where we got four factors. These factors control the characteristics of the suspended materials under investigation. The first factor includes the suspended matter concentration, its Fe content, the bottom mud fraction and its organic matter content from one side and the following parameters from the other side: transparency, depth, Na and Mg contents of the suspended matter. The second factor includes Cu, Pb, Ca and Mn. The third factor includes K and Zn concentrations of the suspended matter, while the fourth factor is represented by the carbonate content of the bottom sediments.
Summary and Conclusion
It is well known that the Abu Quir Bay receives some polluted waters disposed from certain activities that did not follow the environmental protection measures up till the beginning of this study. So the noticeable areas -even by the naked eye -do not need an investigation, but those areas located down the polluted stream deserve to be investigated. The goal of this work is to investigate only the effect of discharging effluent of an industrial plant producing fertilizers (urea & ammonium nitrate). This effluent pours its contents into the sea via a pipeline. Mainly the discharged output introduced into the sea is turbid waters. The degree of turbidity was determined in addition to the concentration of Ca, Na, K, Mg, Fe, Mn, Cu, Pb and Zn. The relatively high concentration of the suspended particles of the pipeline effluent (112 mg/l) has very limited influence on the marine environment for two reasons: a) the flow rate of the pipe is very low and b) as the effluent water mixes quickly with the seawater, the turbidity promptly attains minimum values. The grain size analysis of the bottom sediments under concern shows absence of any tiny particles may be brought with the disposed effluent. The spatial geographical distribution of the measured elements (concentrated in the suspended matter) demonstrates that some elements have their maximum concentrations just out of the pipeline as Mn, Cu, Pb and Zn, and other elements attain their maximum levels to the west or northwest as Na, K, Ca and Fe. However, because of the relatively active hydrodynamic conditions prevailing throughout the area under study, the discharge effluent by the pipe does not affect the marine environment. This is very obvious and cleared by permanent and continuous fishing in the area.
